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Abstract
With the aid of a 3D simulation, fully efficient detection of single electrons with a Gas
Electron Multiplier (GEM) is predicted and confirmed with measurements.
1. Introduction and Model
Micropattern detectors have greatly benefitted from the advances in technology:
namely microlithography and wet etching, and are available to the high energy
physics community as a superior alternative to multiwire chambers in terms of higher
performance [1]. The Gas Electron Multiplier (GEM) introduced recently [2] has
instantaneously found several applications due to its demonstrated reliable
performance: good accuracy, energy resolution, fully efficient minimum ionizing
particle detection, high rate capability and operation in high magnetic fields with no
deterioration [3-5].  Some of its specific applications can be enumerated as low
pressure photon detection, Gas photon multiplication, Ring Imaging Cherenkov
(RICH) photo-detection, medical diagnostics and astrophysics. GEMs are also being
used in the HERA-B [6] and COMPASS [7] experiments as part of their tracker.
High gains have been reported earlier in pure noble gases with single and cascaded
GEMs []. Single photoelectrons from an internal photocathode may be detected
exploiting the large diffusion given a set of operating gas and field conditions.
Referring to fig. 1, some preamplification in the drift region [8,9] where
photoelectrons are generated from the transmissive phtocathode on the underside of
the drift electrode, permits full efficiency. In this work we focus on the efficient
detection of single electrons produced in the drift volume. In the latter part we will




Fig. 1 Principle of Two Stage Preamplifcation and GEM Gain for fully efficient
single photoelectron detection
                                                














2In ref. [9] a 3D model of the Gem was made using the 3D finite element analysis
program MAXWELL. Fig. 2(a) shows the basic structure of this model, with the drift
and induction (transfer/collection) volumes as shown. After importing the
electrostatic fields thus computed into GARFIELD for further analysis and study, the
transparency of the GEM is computed. An example of an avalanche in the GEM
channel is shown in fig. 2(b).
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Fig. 2 (a) Model and (b) Simulated avalanche in a GEM channel
2. Efficiency of Single Electrons: Simulation and Measurements
Fig. 3 shows the efficiency computed for single electrons; with an overall gain of few
tens (Preamplification in the Drift + GEM) it is 70-80%. Once the overall gain
reaches around 50, the efficiency is 98% and eventually does not depend on gain.















FULL EFFICIENCY FOR SINGLE ELECTRONS
Fig. 3 Full Efficiency in a GEM with a transmissive photocathode and
preamplification in the drift region as a function of total effective gain.
3Fig. 4  Measurements and simulation of single electron transfer efficiency in a two
stage amplification using GEM.
Fig. 4  shows the results of simulations compared with experiment. Single electron
transfer efficiency of a GEM was measured by single pulse counting; see ref. [11] for
details. As seen from fig. 4, the transfer efficiency decreases initially with the increase
in reduced drift field, due to the increasing loss of field lines on the top surface of the
GEM until some preamplification starts occurring in the drift region. In these
conditions the electron collection efficiency increases and eventually reached a
plateau when avalanche statistics dominate. These measurements were performed in
pure Isobutane at low pressures as marked in the figure.
Reflective photocathodes on the upper surface of the GEM are also an interesting
option [2,12].
3. Gain simulations and measurements in a Quadruple GEM
For a RICH detector, for example, the CRID at SLD [13], single electron response is
obtained by using a photosensitive gas TMAE with ethane. Long term stability, and
high gain are the key issues necessary for the operation of such a detector; with this
goal  a Quadruple GEM was assembled [14] at SLAC. Gains in excess of 105 –106
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4Fig. 5 (a) Measurements and (b) Computation of total ‘effective gain in a Quadruple
GEM
Details may be found in Ref. [14]. Fig. 5 shows the measured and computed values of
gain in a Quadruple GEM, the agreement is within the errors of the simulation+ and
experiment.
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+ The current versions of GARFIELD/MAGBOLTZ incorporate new values of Townsend Coefficients








1500 2000 2500 3000 3500 4000 4500 5000 5500
T
o
ta
l '
Ef
fe
ct
iv
e 
G
ai
n'
Total Voltage (V)
Quadruple GEM
Gain-Ethane June2000
